This analysis from the Daya Bay experiment provides an independent measurement of the number of electron-antineutrino interactions in the detectors and represents an important cross-check of previous measurements of the mixing angle θ 13 . Moreover, the combination of the collaboration's latest hydrogen-capture results with those from its gadolinium analysis provides the most precise measurement of θ 13 so far, where sin 2 (2θ 13 ) = 0.082 ± 0.004, an 8% improvement in precision.
M I G U E L TO R R E S
T he ability of salamanders to regenerate their limbs following amputation was first described in the eighteenth century by the Italian naturalist Lazzaro Spallanzani 1 .
Researchers have been trying to identify the formula for regeneration ever since, in the hope of reawakening this lost ability in mammals. Experiments performed 40 years ago 2 showed that limb regeneration requires the participation of tissues from both sides of the limb -the side closer to the thumb (the anterior side) and the opposite, posterior side. However, the mechanisms involved in this process have remained a mystery. On page 407, Nacu et al. 3 show that two diffusible signalling molecules underlie this requirement for anterior and posterior tissue.
During limb regeneration, cells from the limb stump form a mass of progenitor cells called the blastema, which gives rise to the new structure 4 . There are three requirements for this process. First, wounding must occur. This may seem obvious, but wounding triggers several tissue-repair responses that are essential for regeneration. The second requirement is proper innervation, because limbs from which nerves have been removed do not regenerate 5 . Finally, the blastema must contain abutting domains of cells derived from the anterior-most and posterior-most positions in the limb stump 2 . This last observation indicates that crosstalk between cells of differing origins triggers mechanisms that are essential for regeneration.
If wounding on the anterior side of the limb is combined with redirection of nerves from the limb proper into the wounded site, and with transplantation of a patch of posterior limb tissue onto the wound, an extra (accessory) limb can form 6 . By contrast, wounding and nerve redirection without transplantation result in a 'frozen' blastema -regeneration does not occur owing to the lack of
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Limb regrowth takes two
Salamanders can regenerate several of their organs, including amputated limbs. Analysis of a Mexican salamander shows that crosstalk between two signalling molecules regulates limb regeneration. See Letter p.407 γ-rays with a total energy of 8 megaelectronvolts. These γ-rays scatter and interact with the scintillator to produce another light pulse, typically tens to hundreds of microseconds after the first pulse that was generated by the positrons. Searching for two coincident light pulses that have specific properties can confirm the detection of electron antineutrinos.
Other reactor-based experiments 2,3 use the same gadolinium capture process. But the Daya Bay Collaboration now reports an additional, independent method to identify neutrons produced through inverse β-decay. In the detectors, neutrons are preferentially captured on gadolinium, but capture on a hydrogen atom of the organic liquid scintillator is also possible. Neutron capture on hydrogen produces deuterium and releases a low-energy (2.2-MeV) γ-ray, but this is hard to detect because many similar γ-rays with energies below 4 MeV are emitted from decays of naturally occurring radioisotopes, such as potassium-40 (1.4 MeV) and thallium-208 (2.6 MeV). Such γ-rays are problematic because they can mimic those released by neutron capture on hydrogen, obscuring the antineutrino signals. Radioactivity in the detector must therefore be minimized and controlled by careful purification of the scintillator, selection of low-radioactivity materials and stringent cleanliness. Despite such precautions, radioactivity is never completely eliminated, and this ultimately limits the precision of the experiment.
Detecting inverse β-decay from antineutrino interactions requires the identification of two light signals occurring within 1 to 1,400 microseconds of each other. This timing requirement reduces the impact of coincidental light flashes from background radiation that are not time correlated. The Daya Bay Collaboration was able to estimate the rate of accidental coincidences by using data recorded in its detectors. This quantity, subtracted from the total number of observed coincidences, yields the number of time-correlated coincidences.
Further corrections were required to account for any time-correlated backgrounds, the most significant of which arises from the activation by cosmic rays of carbon-12 in the scintillator to produce lithium-9 and helium-8. Both of these isotopes decay by β-emission to neutron-unstable excited states, producing a signal of an electron followed by neutron capture that is indistinguishable from the signal from inverse β-decay.
When all the backgrounds were appropriately accounted for, the collaboration used the number of genuine time-correlated coincidences to measure the flux of electron antineutrinos. The measured number of electron antineutrinos was found to be less than the collaboration had predicted from reactor flux models. The missing electron antineutrinos demonstrate that they oscillate into other flavours that cannot be detected in this experiment. posterior tissue. Using highly regenerative Mexican salamanders called axolotls, Nacu and colleagues took this 'anterior-only' experimental set-up as a starting point to precisely test the molecular pathways involved in anteroposterior crosstalk. The authors found that treating frozen blastemas with a molecule called smoothened agonist (SAG) reawakened the tissue, leading to production of an accessory limb from exclusively anterior tissue.
SAG mimics the activity of a protein called Sonic hedgehog (Shh), which is normally secreted by the posterior-most cells of the blastema. Shh diffuses across the tissue, binding to receptors on the surface of receiving cells to trigger intracellular signalling cascades. Nacu et al. found that stimulation of Shh signalling in anterior blastema cells by SAG activated another secreted diffusible protein, fibroblast growth factor 8 (FGF8). Sustained FGF8 activity was necessary for anterior-only limb production (Fig. 1a) . Furthermore, activation of FGF8 could induce anterior limb growth even in the absence of Shh signalling.
Like anterior-only blastemas, posterior-only blastemas cannot regenerate, despite containing Shh-expressing cells. Investigating this seeming contradiction, the authors found that posterior tissue could not activate strong and sustained FGF8 signalling in response to Shh (Fig. 1b) . Forced FGF8 expression in the posterior tissue led to the production of accessory limbs -but, in this case, only when Shh signalling was also active, because inhibition of Shh blocked regeneration. Finally, Nacu et al. confirmed that signalling by Shh and FGF8 was required for physiological limb regeneration after amputation (Fig. 1c) .
In summary, the authors have neatly dissected the antero-posterior crosstalk required for regeneration, and have defined the factors that induce blastema development. Anterior cells cannot regenerate alone because they lack Shh signalling from posterior cells. And posterior cells cannot regenerate alone because they are unable to respond to Shh with sustained activation of FGF8. However, why forced FGF8 expression in the absence of Shh signalling cannot promote posterior-only limb growth remains unexplained.
In future analyses, it will be important to determine whether this finding reflects the fact that anterior and posterior tissues have different requirements for regeneration. An alternative possibility is that it reflects experimental design limitations -for example, nonspecific effects of the drug that the researchers used to inhibit Shh in the posterior cells. Similarly, the reason for anterior-specific FGF8 activation by Shh remains unexplained, and should be a focus of future research.
The mechanisms at work during limb regeneration have long been debated, and models fall into two broad classes. Those in the first class posit that every cell contains positional information, and that regeneration involves only local cellular interactions. By contrast, models in the second class invoke the action of diffusible signals produced by specific regions in the blastema called organizers, which direct development of the surrounding tissue.
Nacu and colleagues' work favours organizer models, but does not exclude some degree of positional encoding. Consistent with organizer models, the authors clearly demonstrate that anterior cells do not produce Shh, and that anterior-only accessory limbs do not acquire posterior characteristics (for example, they lack digits that normally arise on the posterior side of the limb). But the authors' data also indicate that blastema cells tend to form sharply defined anterior and posterior domains, suggesting that cells identify themselves according to their position within broad domains -as anterior or posterior, for instance, and, along a perpendicular axis, as dorsal or ventral. In several ways, these observations fit the boundary model 7 , which states that organizer regions that produce diffusible signalling molecules are induced at the boundaries between broad limb domains.
Shh and FGF8 have well-defined roles in embryonic limb development in various vertebrate species. A positive feedback loop between the two signalling pathways has been described, and involves relay signalling by Gremlin, a third secreted diffusible protein 8, 9 . Nacu et al. identified robust Gremlin expression associated with the interaction between anterior and posterior tissue, suggesting that this feedback loop probably also operates during limb regeneration in salamanders.
Given the evolutionary conservation of the Shh and FGF pathways, the current study brings us a step closer to the possibility of using defined factors to promote tissue regeneration in mammals -provided that a blastema can be induced. This advance, together with the same group's recent identification 10 of a diffusible molecule called MLP that is responsible for the cell proliferation leading to blastema formation, represents substantial progress in the quest for a general formula for organ regeneration. ■ A DA M P. S H O W M A N T he illumination received from a nearby star has a crucial role in shaping an atmosphere's three-dimensional temperature structure, chemistry, climate and weather. Less obviously, the irradiation of one star by another nearby star -as commonly occurs in tightly orbiting binary star systems -can lead to observable 1 temperature differences between the illuminated star's 'dayside' and its 'nightside' . However, only a few observations have documented the effect of stellar irradiation on the atmospheres of a class of object that is intermediate in mass between stars and planets: brown dwarfs. On page 366 of this issue, Hernández Santisteban et al. 2 present intriguing observations to characterize the atmosphere and estimate the day-night temperature difference for a brown dwarf irradiated by a nearby star.
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When Sun-like stars reach old age, their outer layers expand, allowing them to engulf nearby, closely orbiting companions. Small stars or brown dwarfs often survive this ordeal, but friction caused by the orbital movement of the companion through the tenuous outer layers of the star provides a drag on the companion, causing it to spiral slowly inward. The outer layers of the bloated star eventually puff off into space, leaving behind a stellar remnant called a white dwarf, which is typically Earthsized but half as massive as the Sun. By the end of this process, the companion's orbit has often shrunk to the point that the two objects nearly touch.
The system characterized by Hernández Santisteban et al., dubbed J1433, is just such a system, consisting of a white and a brown dwarf. The objects are so close that they orbit each other every 78 minutes. The gravity from the white dwarf distorts the shape of the brown dwarf and leads to a trickle of mass from the companion, which slowly accretes onto the white dwarf.
The closeness of the white and brown dwarfs means that they cannot be resolved individually in images. However, the white dwarf has a temperature that exceeds 13,000 kelvin (more than double the temperature at the surface of the Sun), which causes most of its radiation to escape at short, ultraviolet wavelengths. By contrast, the brown dwarf 's surface temperature is about 2,400 K, and most of its radiation escapes in the near-infrared region of the spectrum. Although the white dwarf emits a greater total energy flux, the cooler but larger brown dwarf dominates the system's flux in the near infrared. Radiation in this wavelength range thus allows the brown dwarf 's atmosphere to be characterized. Hernández Santisteban et al. obtained high-resolution spectra that extended from the ultraviolet to the infrared, allowing the authors to tease apart light from the two objects.
To determine how irradiation affects the brown dwarf, the authors tracked how infrared light from the brown dwarf changes throughout its orbit. The system's orbital plane lies nearly in the line of sight to Earth, implying that the brown dwarf 's day and night hemispheres rotate in and out of view throughout the orbit. The researchers' observations show that the average dayside temperature is about 57 K warmer than the average nightside temperature. The hottest dayside region is about 200 K warmer than the coolest nightside region.
These observations are important, given the substantial effort over the past two decades to understand the atmospheres of irradiated exoplanets called hot Jupiters -Jupiter-mass planets that orbit very close to their stars and that are blasted by starlight. Hot Jupiters commonly have daysides many hundreds of kelvins hotter than their nightsides 3, 4 . But they are typically about 1,000-10,000 times dimmer than their host stars in the infrared, making their observation extremely difficult. The fact that brown dwarfs in systems such as J1433 are brighter in the infrared than their white-dwarf
ASTROPHYSICS
Illuminating brown dwarfs
Objects known as brown dwarfs are midway between stars and planets in mass. Observations of a hot brown dwarf irradiated by a nearby star will help to fill a gap in our knowledge of the atmospheres of fluid planetary objects. See Letter p.366 . Warm and hot Jupiters -Jupiter-sized exoplanets -have much higher external irradiation 9 , whereas Y-, T-and L-type brown dwarfs have much higher internal fluxes 10 . Hernández Santisteban et al. 2 report observations of J1433, a system in which a brown dwarf occupies a tight orbit around a white dwarf star. This brown dwarf has high internal flux and experiences high external irradiation. Observations of other J1433-like brown dwarfs and of young hot Jupiters will therefore provide information that will build a complete picture of atmospheric dynamics in fluid planets and brown dwarfs. Ellipses indicate approximate ranges; the broken grey line indicates equal internal and external fluxes.
